ABSTRACT -The Avatiu and Avarua sand-covered channels within the fringing reef of north Rarotonga, Cook Islands, contain foraminiferal assemblages considered to bc predominantly derived from the adjacenl. reef platform. Benthonic species which display a depth restriction include Melonis afinis, Cussidulina delicuta, Cluvulina pacijka and Bolivina alata. Small (less than 200 p m ) , rare planktonic species, including Globigerina hulloides, are recovered from sediments as shallow as 8 m, but an increase in species diversity and abundance is noted at 30m in Avarua channel and 4 8 m in Avatiu channel.
INTRODUCTION
This study is based upon samples collected from the sediment-covered inter-reef channels adjacent to Avarua and Avatiu villages off the north coast of Rarotonga, the largest of the Cook Islands, in the South Pacific (Fig. 1) . The samples were not specifically collected for foraminiferal study.
The island of Rarotonga is a deeply dissected cone of Pleistocene volcanic rocks which is surrounded by a low, raised Pleistocene coral platform up to 1.0 km wide. The fringing reef, which almost completely surrounds the island, varies from a minimum width of 100 m on the northern side to a maximum of nearly 1 km on the southern side and is interrupted by a number of sand-covered channels, the largest of which form Avarua and Avatiu harbours. These channels extend seawards to depths of several hundred metres (Lewis et id., 1982) and were formed during times of relatively lower sea levels, when tlhey were probably cut by rivers.
The Cook Islands lie within the hurricane belt and are influenced by the prevailing trade winds, from the east-south-east. During the hurricane season (November to March) humidity is high. The mean annual temperature on Rarotonga is 24"C, and the average rainfall 2000mm (Keating, 1'978) . A westerly current influences sediment transport, resulting from the trade wind influence. Water clarity is very high as the ocean currents carry sea water from the open marine Pacific. Rivers draining Rarotonga are small, typically less than 4km in length, and are predominantly clear as they drain an island consisting of Pliocene to Pleistocene volcanic rocks.
This study is primarily of a biogeographic aspect, as no other detailed record of foraminifera has been made from the Cook Islands. It was conducted in order to provide semi-quantitative documentation of the foraminiferal population of this part of the South Pacific.
In general, the foraminiferal assemblages resemble those described from other Western Pacific islands, but it is concluded that modification of the Cook Island assemblages results from greater open marine influence; many common Indo-Pacific reef-dwelling species were not found.
MATERIALS AND METHODS
Samples for this study were collected during 1980 by the Commission for the Coordination for Offshore Prospecting in the South Pacific (CCOP/SOPAC) in response to a World Health Organisation request to aid in the engineering design of a pipeline for sewerage outfall. As a consequence, the samples do not provide the most representative distribution for foraminiferal ecology, but nevertheless represent the only samples ever collected from the Cook Islands.
The Cook Islands Government tug, Avatiu, was used for surface sediment sampling, using a Shipek sampler. Sample localities were positioned using simultaneous measurement from shore stations using a Del Norte Trisponder Radio Positioning system. Water depths in the range 0-30 m were determined using a Ratheon DE-719 echo sounder. Depths exceeding 30 m were taken from the seismic profiling records. Areas of coral outcrop were differentiated from sand-floored sea bed areas using a Klein model SA-351A Sidescan sonar transceiver system in conjunction with an EPC 3200 dual channel graphic recorder.
Eleven samples were examined from the Avatiu area (Fig.  2 , Table l), from depths of 8-65m and fourteen samples from the Avarua area (Fig. 3, Table 2 ), from depths of 8-120 m.
Offshore Avatiu, the channel surface sediments are mainly fine to medium sand down to the 11 m contour, medium to very coarse slight and dark 'pepper and salt' coloured sand to 25 m, and silty, fine to coarse, brown sand seawards of the 25 m contour. The generally smooth, sandy channel floor is in places interruped by patch and pinnacle reefs 2-5 m in height and up to 25 m across, at least as deep as the 3 0 m contour. In the areas of coral rock, the small scale relief is between 2 and 3 m. Offshore to the narrow harbour entrance of Avarua, situated in a break in the fringing reef where the water depth is between 6 and 10 m, the sea bed gradually descends to 20m. Channel surface sediments offshore to the narrow harbour entrance of Avarua, consist predominantly of fine to medium 'pepper and salt' sand. Between 30 and 60m, brown silt occurs within fine to medium sand. Seawards of 20m, some coarse and very coarse sand is present, particularly on the east side of the channel. This is possibly as a result of transport associated with the west-flowing trade wind-generated current which would transport fringing reef material into the channel.
Only random cuts of unwashed samples were made available for foraminiferal analysis and as the samples were not preserved, none were dyed for recognition of living specimens. Splits of the original cuts were washed over a 200 mesh sieve and the foraminifera picked. N o photography of the specimens was undertaken because all species are well illustrated in the references cited. Tables 1 and 2 display the sample numbers, water depths and dried sample weights, distribution and relative abundance of foraminifera1 species recorded from samples arranged in order of increasing depth from Avatiu and Avarua channels respectively.
FORAMINIFERAL DISTRIBUTION
In Avatiu and Avarua channels there is a noteworthy consistency in the presence of foraminifera at all, or most, of the samples examined, the principal components comprising Cymbaloporetta hradyi, Borelis schlurnhergeri, Heterostegina depressa, Peneroplis prrtusus, Planorbulinella larvata, Siphogenerina raphanus, Sorites marginalis, Reussella simplex, Spirillina vivipara, Rosalinu glohuluris, Amphisreginu radiata and Planispirinella exigua. Small unornamented miliolids are common in all samples.
The rather unusual form Buliminoides williamsonianus was recovered from depths of 8.5m and 3 0 m at Avarua channel. The restriction of certain species to deeper samples at both Avatiu and Avarua channels may indicate a depth restricted habitat, either within the channel or possibly upon the deeper part of the fringing reef which flanks the channels. Species which display such a depth restriction at Avatiu channel include Recent foraminifera, Cook Islands   24  41  25  27  40  23  29  30  39  33  38  8  10  11  11  11  12  15  35  45  48  65 I 7.5 6.1 5.3 7.5 5.9 7.5 4.4 6.3 10.0 6.6 6.5 Table 1 . Foraminifera1 distribution in samples from offshore Avatiu (see Fig. 2 for sample localities). Samples arranged in order of increasing depth.
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--Cyrnbaloporetta bradyi h r e l i s schlurnbergeri Bolivina spp. 
Melonis aj5nis (33 m), Cassiduha delicata (35 m) and
The presence of planktonic species is often used to Bolivina alara (120 m).
conclude the degree of open marine influence and it is of Table 2 . Foraminifera1 distribution in samples from offshore Avarua Harbour (see Fig. 3 for sample localities). Samples arranged in order of increasing dcplh.
SAMPLE NUMBER DEPTH (metres)
WEIGHT ( intere,st to note their distribution within the study areas. Tables 1 and 2 , the inconsistent difference of maximum depth range of certain species leads one to suspect that downslope transport has destroyed any real depth stratification of the species recorded. Such transport should be expected in exposed open ocean sites such as the study area, with mechanisms such as tidal surge and occasional cyclones being obvious candidates. These agents of either penecontemporaneous, or post mortem, microfaunal transport may explain the localized, anoimalous, frequent occurrence of Amphisteginu radiatci at 35 I n in Avarua and of Operculina complanata ammonoides at 65 m in Avatiu.
COMPARISON WITH OTHER WESTERN PACIFIC ISLAND LOCALITIES
In a resum6 of tropical island faunas of the western Pacific Ocean, Murray (1991) has attempted to group the scattered and inconsistent published benthonic foraminiferal information into eleven larger foraminiferal associations. N o information on the Cook Islands microfaunas was available, but the ass'ociations were based upon data from neighbouring islands which inlclude Palau (Lessard, 1980 : Hallock, 1984 ); Tobi, Johnston, Mariana and Caroline Islands (Lessard, 1980) ; Kapingamaringi Atoll (McKee et al., 1959; Lessard, 1980) ; Oahu, Hawaii (Hallock 1984 : Coulbourn & Resig, 1975 ; Solomon Islands (Hughes, 1977 (Hughes, , 1985 ; New Caledonia (Lessard, 1980; Debenay, 1985) ; Tuamotu (Lessard, 1980; Sournia, 1976) ; Marshall Islands (Cushniain et al., 1954); Gilbert Islands (Todd, 1961) and Ryuku Islands, Chichi-Jima and Guam (Matsumaru & Matsuo, 1976) . Foraminifera recovered from the Pacific Ocean (Barker, 1960) and from the Philippines (Graham & Militante, 1959) proved useful for regional comparison.
The foraminifera recovered from the Cook Island samples are not, however, readily assignable to any of Murray's (1991) associations, although in terms of water depth the 'Amphistegina lessonii, Amphistegina madagascariensis, Amphistegina radiata or Operculina gaimardii' associations should b'e expected. Instead, the present study would suggest that a Heterostegina depressalBorelis schlumbergeril Sorites marginalis assemblage could supplement the associatioiis of Murray. It is possible that the rather different character of the foraminiferal associations recovered from north Rarotonga results from the greater degree of open marine influence and higher hydraulic energy within the inter-reef channels. The presence of deeper marine smaller benthonic foraminifera and planktonic species certainly indicate such influence, and this may similarly control the dominance of complex chambered, larger forms such as Borelis and Heterostegina. The predominantly high energy conditions preclude sea-grass development on the back reef areas of the fringing reef. and this is considered probably t o influence the microfaunal assemblage, with sea-grass associated forms being generally absent (e.g. Operculina ammonides; Amphistegina radiata at Avarua).
Of interest is the absence of Culcurina and Baculogypsina species but the presence of alveolinids (Borelis schlumhergeri), which is consistent with the distribution of these forms as illustrated by Murray (1991, fig. 13.3) ; Alueolinella quoii is noticeably absent. Similarly, the absence of Asterorotalia trispinosa is consistent with my own observations; this species is well-represented in Malaysia and Indonesia, as far east as Irian Jaya, but has not been found in the Solomon Islands or other smaller islands of the Western Pacific.
CONCLUSIONS
In both Avatiu and Avarua channels, the foraminiferal assemblages recovered display a 'background' component of at least 12 species which are presumed to have been, at least partly, derived from the fringing reef which flanks each channel. Up to 1 4 m thickness of sediment has been recorded in Avarua channel, the source of which may now be confirmed to be proximal and of coral reef origin.
Despite the consistent presence of the planktonic foraminiferal species Globigerina bulloides at Avatiu, and also within a shallow sample at Avariu, Globigerinoides immaturus is only present deeper than 1 5 m at Avarua and 65 m at Avatiu, with a noteworthy species diversity increase at Avarua channel below 30 m.
Species which display a limited deeper water distribution and which may possibly be in situ, or at least derived from a deeper part of the adjacent reef include Melonis afinis (Avarua, 33 m), Ca.ssidulina delicata (Avarua 35 m; Avatiu 48 m), Clauulinii pacifica (Avatiu, 48 m) and Boliuina alatu (Avarua. 120 m; Avatiu, 48 m).
Future investigation should include a thorough sampling program specifically for foraminiferal research. Such resampling should take place as soon as possible before the sewage disposal project is initiated, so that environmental impact of the sewage on the microfauna may be monitored. Subsequent effects on the reefal fish and crustacean population may significantly impact this source of food for the human inhabitants of north Rarotonga.
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